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Introduction
Hemophilia A is an X-linked recessive bleeding disorder caused by deficiency of factor VIII (FVIII) which occurs in 1/5000 male births. 1 Clinical severity is inversely related to residual factor VIII activity (FVIII:C) such that patients with <1%, 1-5%, and 5-30% FVIII:C are classified as severe, moderate or mild, respectively. The molecular basis underlying hemophilia A is well characterized, and about half of severely affected individuals have large genomic inversions disrupting the FVIII gene (F8). 2-3-4 In the remaining cases, different heterogeneous point mutations, insertions and deletions are found scattered throughout the 26 exons, as well as in the introns of F8. 5 Hemophilia A is transmitted by heterozygous females denoted as carriers, who are generally asymptomatic since random X-inactivation results in approximately equal proportions of somatic cells in which either the normal X or the mutated Xchromosome is active. 6 Even though the disease in females is extremely rare, a few cases have been documented, resulting from different pathophysiological mechanisms.
7-8-9-10-11-12 -13
Here, we report monozygotic (MZ) twin girls both carrying the same F8 mutation which results in severe hemophilia A in one twin and mild phenotype in her cotwin. Although they exhibited a different clinical and biological severity, they both showed concordant skewing of X-inactivation towards the normal Xchromosome. In this respect, they differed from some pairs of MZ twin females who typically showed a « mirror-image » pattern of X-inactivation. As the twins were classified as monochorionic (MC) at birth, our data strongly support the hypothesis that the splitting event in MC-MZ twin pairs occurs after the onset of X-inactivation period.
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Study design

Case report
The family is presented in Figure 1 . Coagulation studies showed FVIII:C of less than 1% for proposita II. 2 
FVIII binding assay to vWF
FVIII binding to vWF assay was performed as previously described.
14 Molecular F8 gene studies
Genomic DNA was extracted from lymphocytes by standard procedures after obtaining an informed consent from the family members.
X-chro mosome inactivation at the HUMARA locus
For personal use only. on November 12, 2017. by guest www.bloodjournal.org From Assessment of X-inactivation was performed using an HpaII-PCR assay for the X-linked human androgen receptor gene (HUMARA). 15 
X-chromosome inactivation at the FRM-1 locus
DNA samples were digested with EcoRI plus the methylation sensitive enzyme, EagI, and were subjected to Southern blot analysis, as described. 17 This assay which can detect fragments containing the (CGG)n and the CpG island in the 5'UTR of the FMR-1 gene revealed the methylation status of this CpG island and also indicated possible abnormal expansion of the (CGG) n repeat.
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Results and discussion
In order to elucidate the genetic mechanisms responsible for hemophilia A in these MZ twin females, molecular investigations were carried out to characterize the F8 molecular defect. First, DNAs from both twins were subjected to BclI Southern blot analysis for F8 intron 22 inversions, and no altered migration pattern was observed (data not shown). All coding sequences and exon-intron boundaries of F8 were then screened by direct sequencing. showed two amplification peaks corresponding to approximately an equal methylation of the maternal and paternal X-alleles, thus reflecting a random Xinactivation. Conversely, only one peak was observed for each twin which For personal use only. on November 12, 2017. by guest www.bloodjournal.org From corresponded to inactivation, or methylation, of the maternally derived allele, indicating a skewed X-chromosome inactivation (Figure 2) . A quantitative evaluation of the degree of intrapair differences indicated that patient II.2 showed an "extremely skewed" profile (ratio 100:0), while the profile for patient II.3 was "skewed" (85:15) suggesting that a small proportion of her mother's F8 allele remained active. The difference in severity of the disease between the twins correlated with the degree of skewing of X-inactivation. Although X-inactivation analysis could not be tested from liver where factor VIII is primarily synthesized, we hypothesized that both twins probably had similar X-inactivation patterns in the liver as suggested by plasma factor VIII values. Since both twins were clinically affected and both showed an inactivation of the maternal Xchromosome, we concluded that Y16C mutation occurred on the paternal Xchromosome. We also studied the methylation of the 5' region of the FMR-1 gene, and the results corroborated those found for the HUMARA locus (Figure 3 ). This assay, routinely used for diagnosis of the fragile X syndrome, revealed unexpectedly that both twins had inherited from their mother a premutated allele of 80-90 (CGG) repeats. Although this premutation is known to have a high risk of expanding further to a "full" mutation when it is transmitted by a female, the twins carried approximately the same number of copies than the mother. As seen in Figure 3 It was initially suggested that random X-inactivation followed by asymetric splitting of the inner cell mass would result in only one affected twin because she received a majority of cells in which the normal allele had been inactivated. 20 More recently, Monteiro et al. 23 proposed that in fact MC-MZ twin pairs reflected an heterogeneous group slightly differing in the timing of the twinning event after the onset of X-inactivation. MC-MZ pairs indeed split more or less closely after the onset of X-inactivation explaining the X-inactivation differences observed between the twins. 23 They demonstrated that for each round of replication after the onset of X-inactivation, the probability of creating a difference in Xinactivation decreased if a twinning event occurred. The genetic profile of MC-MZ twins described here is in accordance with this model. The preferential inactivation of the same X-chromosome in both twins likely indicates that the twinning event occurred at a relatively later time than for MC-MZ twins who show discordant X-inactivation.
In conclusion, reports of such twins with a correct determination of the fetal-placenta anatomy type provide invaluable information to further understanding of X-inactivation and twinning processes in humans. 
